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Created as a part of NLM in 1988
- Establish public databases

- Perform research in computational biology
- Develop software tools for sequence analysis
- Disseminate biomedical information
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Molecular Databases

e Primary
- Data provided by experimentalist
- Record maintained by submitter
- GenBank
 Derivative
- Value added to primary data
« compilation
« curation
* assembly
- Record maintained by database staff
- NCBI Reference Sequences (RefSeq)

- Protein Data
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GenBank: NcBI'sPrimary Sequence Database

Release 135 April 2003
24,027,936 Records
31,099,264,455 Nucleotides

120,000 + Species

‘ =
« full release every two months

« incremental and cumulative updates daily
« available only through internet

o

—-—|ftp://ftp.ncbi.nih.gov/genbank/yl‘
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The Growth of GenBank
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Traditional GenBank Divisions

*Direct Submissions (Sequin and Banklt)
«Accurate
*Well characterized

BCT Bacterial and Archeal

INV Invertebrate

MAM Mammel i an (ex. ROD and PRI)

PHG Phage

PLN Pl ant and Fungal

PRI Primate

ROD Rodent

SYN Synthetic (vectors, synth. genes)
VRL Viral

VRT Oher Vertebrate
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Traditional GenBank Records

Locus AP105152 1584 bp  mRNA  Llinear VRT 11-FEB-1999
DEFINITION Danio rerio rhodopsin mRNA, complets cds.
ACCESSION  AP105152 -
VERSTON AF105152.1 GI:4262520 «Archival
KEYWORDS
SOURCE Danio rerio (zebrafish) *R ndan
ORGANISM Danio rerio edu Ida t
zocus Ari0s3ce 1561 bp  mENA  linear VAT 03-AUG-2001
| DEFINITION Danio rerio rhodopsin mRNA, complete cds.
REFERENCH Lccpsszon  ar109360
VERSION  AP109363.1 GI:4501736
TITLE KEYWORDS .
SOURCE Danio rerio (zebrafish)
JOURNAY " oRGaNTEM Danio rerio
Bukaryota; Metazoa; Chordata; Craniata; Vertebrata; Buteleostomi;
REFERENCH Cverintformes: Cypriniases banger ol CSrarioptvEls
AUTnoR] rEsERENCE 1 (bases 1 to 1581)
12788 | aumions  vintelic,m.s., boro,c.a. and Hyde,D.R.
’ TITLE Cloning and characterization of six zebrafish photoreceptor opsin
cDNA® and immunolocalization of their corresponding proteins Z|
JOURNAL  Vis. Neurosci. 16 (3), 571-585 (1999) =
WeDLINE 9927747 e
PUSHED 10349976
REFERENCE 2 (bases 1 to 1581)
AUTHORS  Vihtelic,T.8., Doro,C.J. and Hyde,D.R.
TITLE Direct Submission
JOURNAL  Submitted (27-NOV-1998) Biological Sciences, University of Notre
Dame, 264 Galvin Life Science Bldg., Notre Dame, IN 46556, USA
*Batch Submission and htg (email and ftp)
sInaccurate
*Poorly Characterized
EST Expressed Sequence Tag
STS Sequence Tagged Site
GSS Genone Survey Sequence
HTG Hi gh Throughput Genom c Z
[e]
)
ocus 56730754 530 bp
DEFINITION £pe2d08.yl Zebrafich adult retina
INAGE: 4786595 57 similar to TR:Q9PU]
P
hccsszon  5G73075
VERSTON  BG738754.1 GT:14088443
KEWORDS ST,
SOURCE Danio rerio (zebrafish)
ORGANISM Danio reri.
Bukaryota; Wetazoa; Chordata; Crani
Actinopterygiis Neopterygiis Teleos
» Cyprinidac; Danic
REFERENCE 1 (bases 1 to 530)
AUTHORS  Clark,N., Johnson,8.L., Lehrach,H.,
/5., Willier,L., kucaba,T., Martin,
VK., Steptoe/N., Theising,B., Allen
Swaller, ., Gibbons,M., Pape,D., Ha
Kohn, 5., Shin,T., Jackeon,., Carde
and Wilson, R. pUC ori
TITLE  WaehU Zebrafish BST Project 1998
JOURNAL  Unpublished (195) I
COMMENT  Contact: Seephen L. Johnson - -
washington university sehool of | oFjrst pass, single read cDNA
4444 Forest Park Parkway, Box 85| ’ Z|
Tel: 314 286 1800 ° ivici ol
Teli 314 250 1000 largest GenBank division 8
Email: zbrafish@watson.wustl.edu| o i [ i ]
i Sasteres oy eneniee- ~gbdiv_est[Properties
Sequencing by: Washington UniversTEy CemomS BSquSHEIRG CEEST TSRS
dictribution: ZentrunPrinarDatenbank, Berlin, Germany
(web address: www.rzpd.de)
Seq priner: T3 BT From Amersham
High quality sequence stop: 423.




Genome Sequencing - HTG, GSS,(WGS)

Whole BAC insert (or genome)

\

Mmmmummmwm\wmm §>< 1
— — 11
' sequencing - /l\

cloning isolating

shredding

GSS division

or trace archive assembly

Draft Sequence (HTG division)
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Bulk GenBank Records: GSS

551bp  mNA  linear Gss la-uar
genomic clons DRSY-2ISKS, genomic survey sequence

raFERaNCE

ey
JouNAL

coument

«first pass, single read gDNA 2
esurveys of BAC libraries =
gbdiv_gss[Properties] N
e s o eze@brafish GSS: 159, 024
HTG Division: High T hroughput Genome
Zebrafish PAC Clone
phasel——> «— — ——> <« HTG
Acc = AC109580.1
phase 2 HTG
Acc =AC109580.11
phase 3 VRT |2
Acc = AC109580.14 - - g
gbdiv_htg[Properties] | _|
zebrafish: 2,958
40,000 to > 350,000 bp




RefSeq: NCBI's Derivative Sequence Database

« Curated transcripts and proteins [NM_, NP_]
- reviewed
- human, mouse, rat, cow, fruit fly, zebrafish, arabidopsis
C.elegans
* Model transcripts and proteins [XM_, XP_]
* Assembled Genomic Regions [NT_, NW_]
- draft human genome
- mouse genome

e Chromosome records [NC_]

- microbial é
- organelle
srcdb_refseq[ Properties] |
Web Access
» What doss NCBIdo7 Text
Sequence
e _ lpiast
8
o Structure n
Entrez: Database Integration
‘ Word weight
PubMed
abstracts_
VAST
3|
BLAST |




WWW Entrez

Al S| G

Entrez is a retrieval system for searching several
linked databases. It provides access to:

PubMed: The bioredical literature (PubMec)
Nucleotide: sequence database (GenBank)
Protein: sequence database

Structure: three-dimensional macromolecular
structures.

Genome: complete genome assemblies
PopSet: population study data sets

OMIM: Online Mendelian Inheritance in Man
Taxonomy: organisms in GenBank

Books: BookShelf online books

ProbeSet: gene expression and microarray
datasets

3D Domains: domains from Entrez Structure
UniSTS: markers and mapping data

'SP single nucleotide polymorphisms

CDD: conserved domains

Journals: journals in Entrez

UniGene: gene-oriented clusters of transcript
sequences

PMC: ful-tet digital archive of lfe sciences
jounal lterature

e NCBI Web Site: NCBI Web site search
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Sequence Similarity Searching

Basic Local Alignment Search Tool
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Why do we need similarity searching?

4+ Identification and annotation

«Incomplete or no annotations (GenBank)
eIncorrectly annotated sequences

4 Evolutionary relationships
homologous molecules may
have similar functions
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Basic Local Alignment Search Tool

* Widely used similarity search tool
« Heuristic approach based on Smith Waterman algorithm
« Finds best local alignments
* Provides statistical significance
« All combinations (DNA/Protein) query and database.
- DNA vs DNA
- DNA translation vs Protein
- Protein vs Protein
- Protein vs DNA translation
- DNA translation vs DNA translation
* www, standalone, and network clients
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Local Alignment Statistics

High scores of local alignments between two random sequences
follow Extreme Value Distribution

For ungapped alignments:

Expected number with score S or
greater

E = Kmne™' $

or
E = mn2-s

E
H
]

Property K = scale for search space
| = scale for scoring system
S'= bitscore = (I S - InK)/In2

http://www.ncbi.nlm.nih.gov/BLAST/tutorial/Altschul-1.html |

Scoring Systems

ey . A -
*Position Independent Matrices|g 5 .1 3 .3
*Nucleic Acids — identity matrix |¢ -3 -3 *1 -3
T
*Proteins
*PAM Matrices (Percent Accepted Mutation)
«Implicit model of evolution
*Higher PAM number all calculated from PAM1
*PAM250 widely used

*BLOSUM Matrices (BLOck SUbstitution Matrices)
«Empirically determined from alignment
of conserved blocks
*Each includes information up to a certain level
of identity
*BLOSUM62 widely used
*Position Specific Score Matrices (PSSMs)

*PSI and RPS BLAST

190N
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BLOSUMG62

ow weights

igh weights

A a .
L phesylalesine (7 L-tyrosine (Y)
Commu {
Y 4 &
ty ¢ L5 « &
v 2 6 |
A 0-2 F->‘
a iy, -3 -4 - y
Lo/ )
~ 1L Rar
M-1-1-2.3-1 0-2-3-2 1 2-1 5
F-2-3 -2-3-3-3-10 0-3 0 6
P -3-1-1-2-2-3-3-1-2-4
s -1 0 0 0-1-2-2 0-1-2-
|—Ne ative for less likely substitutions |, 2 - 72"
g y 2 -3 -1 1-
Y-2-22-8-2-1-2-3 2-1-1 72—197
V 0-3-3-3-1-2 -2 -3 1 o2l -
X 0-1 |Positive for more likely substitutions | -
A R

TN WA PR N
HONNW LA~
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Position Specific Substitution Rates

Active site serine

1]

tpRWRLCGT)

GVLQGY Z

[e]

Z
Position Specific Score Matrix (PSSM)
ARNDCOQEGHI LKMFPST WYV
206D 0-2 0 2-4 2 4 -4-3-5-4 0-2-6 1 0-1-6-4-1
207G -2-1 0-2-4-3-3 6-4-5-5 0-2-3-2-2-1 0-6-5
208V -1 1-3-3-5-1-2 6-1-4-5 1-5-6-4 0-2-6-4-2
2091 -3 3-3-4-6 0-1-4-1 2-4 6 -2-5-5-3 0-1-4 0
210S -2 -5 0 8-5-3-2-1-4-7 -6 -4-6-7-5 1-3-7-5-6
211S 4 4 -4 -4-4 1 -4-2-3-3 5 -4-4-5-1 4 3-6-5-3
T2 C & -7 -6 -7 IZ-7 =~ IT T4 -5 U - %
213 N -2 0 2 -1-6 7 |Serine scored differently [1-3-3 -4 -3
214 G -2 -3 -3 -4 -4 -4 jn these two positions 3-5-6-6-6
215D -5 -5-2 90-7 -4 4-.4.8 7 -7
[21e[s] 5-6 -4 7-2-6-5-5
17 G -0 -7 -6 -4 -5-06 -7 -1
218 G <6-7 -6 -2-4-6-7 -7

219 P -6-7 9-4-4-7-7-6 | Z

220 L 1 06-6-5-5-40 |8
221 N 4-3-6-2-1-6-1 6
222 C 0-1-4-1 0-5 0 0
223 Q 00 0-1-1-3-3-4
224 A S2-2-3 0-2-2-2-3




<3 NeBI BLAST
PubMed Enirez BLAST OMIM T2:010 Structure Web B LAST

What's NEW in BLAST®

new March 5th 2002: New database linkouts from BLAST
results, Results of a BLAST search will now link sequences
from the BLAST resuits page to the NCBI LocusLi

UniGene dataoses. Lirks to addtonaldatzoases] 15earch for conserved domains 2
soen + Search the Conserved Domain Datzbase using RPS-
- AST
INucleotide BLAST + Search by domain architecture [CDART]
+ Standard nucleotide-nucleotide BLAST [blastn]
* MEGABLAST 2
* Search for short nearly exact matches IFQIIWISE BEAs]] -
+ BLAST 2 Sequerices
|Protein BLAST
|Genomic BLAST pages @
+ Standard protein-protein BLAST [blastp]
o + Human o Flies
Search for short nearly ex o Mouse + Nematodes
oRat o Plants
+ Fugu rubripes 5ts
) |Translated BLAST Searches « Zebrafish  Malaria
umentation

ery - Protein b [blastx]

HTML format

PDF format .

BLAST Databases: Non-redundant protein

Nnr (non-redundant protein sequences)
GenBank CDS translations
NP_ RefSeqs

- Outside Protein
* PIR, Swiss-Prot, PRF

- PDB (sequences from structures)

BLAST Databases: Nucleic Acid
* NnNr gnt@

- Traditional GenBank Divisions
- NM_ and XM_RefSeqs

e dbest
- EST Division

htgs
- HTG division

* gss

- GSS division
chromosome
- NC_RefSeqgs
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Service Addresses

*General Help i nf o@chbi . nl m ni h. gov

*BLAST bl ast-hel p@chbi . nl m ni h. gov
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